The objective of the study was to investigate the effect of linseed and rapeseed or respective oils on performance indices, nutrient digestibility, metabolizable energy of diets, digesta viscosity, and yield and chemical composition of edible and non-edible parts of the carcass of broiler chickens, with particular attention to n-3 PUFA.
INTRODUCTION
In human diets there is an imbalance in ratio of n-6/n-3 polyunsaturated fatty acids (PUFA) and increasing consumption of n-3 PUFA is recommended. Enrichment of poultry products with n-3 PUFA may provide an excellent alternative food source of these acids in the human diet due to its relative availability and affordability (Van Elswyk, 1997) . In the lipids of most cereals used in intensive poultry production, the content of linoleic acid (C 18:2 n-6 ) is high and α-linolenic acid (LNA -C 18:3 n-3 ) is low and as a result, the proportion n-6 to n-3 fatty acids in poultry products is high as well. Among oilseeds produced in Poland linseed is very rich in LNA, rapeseed contain moderate levels of these fatty acids. Both oilseeds may be used to enrich poultry products with n-3 PUFA (Ajuyah et al., 1991; Pietras et al., 2000; Barteczko and Borowiec, 2001 ). However, both oilseeds contain several antinutritional factors, which may negatively affect performance of chickens. The most important ones in linseed are linatine, which acts as a pyridoxine antagonist (Klosterman, 1974) , mucilage, which form very viscous solutions (Mazza and Biliaderis, 1989) , there are also some trypsin inhibitors, goitrogens, and phyto-oestrogenic compounds, also known as plant lignans (Van Elswyk, 1997) . Rapeseed 00 contains glucosinolates, erucic acid, tannins and phytates (Matyka et al., 1992; Korol et al., 1994 , Wałkowski et al., 2000 . Different limits have been proposed for the level of rapeseed and linseed in broiler chicken diets. Leeson et al. (1987) and Kracht et al. (1995) suggested that a safe level of full-fat rapeseed in broiler diet is 100 g/kg, at rates higher than 150 g/kg the feed intake and performance of chickens might be reduced. In contrast, Lee et al. (1991) reported that feeding diets containing 100 or 200 g/kg full-fat canola did not significantly decrease performance of chickens in comparison with the control group. Increased dietary inclusion of linseed led to poor digestibility and utilization of nutrients by chickens ), a significant decrease in the body weight gain (BWG), feed conversion ratio (FCR) and breast muscle yield (Ajuyah et al., 1991; Lee et al., 1991) . The antinutrients of linseed are not destroyed by heat treatment , so Roth-Maier (1998) postulated that not more than 5% of linseed should be included into broiler diets to avoid the decrease in growth performance. Our former observations proved that this limit may be raised. After supplementation a diet containing 8% of linseed with additional pyridoxine (4 mg/kg) the depressive effect of linseed on BWG was completely alleviated (Nguyen et al., 2001) .
The objective of this study was to examine the effect of moderate dietary levels of linseed and rapeseed or their respective oils on performance indices, nutrient digestibility, metabolizable energy of diets, digesta viscosity and yield and chemical composition of edible and non-edible parts of the carcass of broiler chickens, with particular attention to n-3 PUFA.
MATERIAL AND METHODS
Commercial brown-seeded linseed and rapeseed '00', linseed oil, rapeseed oil and lard were used as a source of supplementary fat in diets. Five wheat-based and xylanase-supplemented diets containing about 80 g crude fat per kg were used (Table 1 ). The source of added fat in the control diet (C) was lard, in the experimental diets part of the lard was substituted by full-fat linseed (diet L), linseed oil (diet LO), full-fat rapeseed (diet R), or rapeseed oil (diet RO). The diet with linseed was additionally fortified with 4 mg/kg pyridoxine. Linseed and rapeseed were finely ground, all components of diets were mixed and cold pelleted on a CL-2 CPM Laboratory Pellet Mill. The diets used in balance experiments were of the same composition as Starter diets (Table 1) , but prior to mixing 3 g Cr 2 O 3 per kg was added as a marker.
Two experiments were performed on 8-day-old female broiler chickens of the Cobb line, fed during the first week of life with a standard Starter diet. At day 8 of age the birds were deprived of feed for 4 h and weighed. Then in Experiment 1 the chickens were allocated randomly to the zero group (10 birds) and to groups C, L and LO (22 birds in each). Mean initial body weight in the groups was 163 ± 9 g. In Experiment 2 they were allocated randomly to the zero group (10 birds) and to groups R and RO (24 birds in each). Mean initial body weight in the groups was 144 ± 8 g.
The birds from the zero group were killed and carcasses were stored at -18ºC for later analyses. The remaining birds were placed in individual cages (38 x 50 x 50 cm), equipped with an electrical heater inside, trough and water cup outside and a tray underneath for collection of droppings. Each bird was treated as a replicate. Birds were fed ad libitum respective Starter diets (Table 1) , body weight and feed intake were recorded in weekly intervals.
On day 22 of life, the chickens in each group were divided into 2 subgroups. A balance experiment was performed according to Bourdillon et al. (1990) on the first subgroup (10 chickens) with the use of respective Starter diets (Table 1) containing 3 g/kg of Cr 2 O 3 added as a marker. Droppings from each bird were collected quantitatively for 4 days of feeding and following 17 h starvation and stored (Table 1) ; body weight and feed intake were measured as described previously. At the end of the experiment ten birds from each group were deprived of food for 12 h, weighed, slaughtered, dry plucked and eviscerated. Carcass and breast muscles were weighed, and the whole body was manually divided into 3 samples of edible and 2 samples of non-edible parts. Edible parts consisted of: meat (breasts and other meat separated manually from bones), skin with abdominal fat, and edible giblets (liver, heart and stomach). Non-edible parts consisted of: head, blood, legs, bones and non-edible giblets, feathers were collected separately. All samples were weighed and stored in plastic bags at -18ºC for later analyses. Feathers from each bird were immediately chopped, mixed and pooled; 100 g samples from each group were prepared.
Chemical analysis
Prior to analysis the droppings were homogenized, dried for 12 h at 60ºC, kept open for 48 h and ground to pass a 1 mm sieve. Carcasses of the zero group, feathers, and non-edible parts of carcasses were thawed and placed in weighed glass jars containing, respectively, 50, 100 or 150 g 5% solution (w/w) of citric acid. The samples then were autoclaved; feathers for 14 h, non-edible parts of carcass and zero samples for 4 h at 1.2 atm; cooled off and homogenized. Samples of meat, edible giblets and skin with abdominal fat were minced, frozen and homogenized immediately before analysis.
The chemical composition of linseed, rapeseed, droppings and carcass parts was determined according to AOAC (1990) . Linseed mucilage was extracted according to Mazza and Biliaderis (1989) . Glucosinolates in rapeseed were analysed by HPLC according to ISO-9167 (1991) . Crude fat in samples of diets and droppings was determined by diethyl ether extraction following acidification with 4M hydrochloric acid. Gross energy content in diets and droppings was determined using a Parr adiabatic oxygen bomb calorimeter (KL-11), Cr 2 O 3 was analysed spectropho-tometrically following wet ashing according to Hinsberg et al. (1953) . Faecal N in droppings was determined according to Ekman et al. (1949) .
For analysis of fatty acid composition, all 5 parts of chicken bodies were pooled within a group (the same amount of dry matter was taken from each individual sample) and homogenized. One gram of the sample was extracted with chloroform-methanol (2:1 v/v) according to Folch et al. (1957) . Fatty acid methyl esters were separated and measured using a Hewlett-Packard gas chromatograph model 5890 series II, equipped with flame ionization detector, a column 30 m x 0.32 mm internal diameter, 0.25 μm film thickness. The analyses were performed in triplicate according to Rotenberg and Andersen (1980) and Paterson and Amado (1997) .
Calculations and statistical analysis
Apparent digestibility of protein, fat, organic matter retention and metabolizable energy (AME N ) of diets were calculated relative to the content of Cr 2 O 3 in diets and droppings. AME N values of diets were calculated from the gross energy values of diets and droppings and corrected to zero nitrogen values using 34.39 kJ/g nitrogen retained (Hill and Anderson, 1958) . Deposition of fatty acids in the whole body of 6 week-old chickens was calculated by subtracting the initial content of respective fatty acids (determined in zero samples) from the fatty acid content in the whole body of slaughtered birds. The total fatty acid (FA) content in tissue lipids equals the content of crude fat x 0.965.
Means and pooled standard error of means (SEM) were calculated by standard procedures, the data were subjected to one-way analysis of variance (ANOVA) generated by Statgraphics ® ver. 5.1. Duncan's multiple range test was used to compare differences between means.
RESULTS
The chemical composition of linseed and rapeseed used in the current study and its fatty acid profile are shown in Table 2 . Growth performance of broiler chickens is shown in Table 3 . There was no mortality during Experiment 1, but one bird died and two were culled during Experiment 2. In Experiment 1 chickens from group L gained less (P≤0.05) than the control group during the finisher period, but differences in total BWG among groups were insignificant. Chickens in group L consumed more feed than in the remaining groups (P≤0.05), so the FCR in group L was 10% worse than in the control group and 16% worse (P≤0.05) than in group LO. In Experiment 2, feed intake was a little higher, body weight gain lower and FCR numerically worse in group R in comparison with group RO, but these differences did not reach statistically significant levels. Mazza and Biliaderis (1989) and contained (in g/kg DM): crude protein 18.9; crude ash 7.7; crude fat 0.2; nitrogen-free extractives 71.0 3 determined according to ISO-9167-1 (1991) In group L, the AME N value and organic matter retention were significantly lower (P≤0.05), apparent fat digestibility was numerically lower, and apparent protein digestibility was similar in comparison with the control and LO groups (Table 4). The viscosity of jejunal digesta was about 3 times higher in L than in both of the other groups, but there were no differences between groups in average pH of ileal and caecal contents. The apparent fat digestibility, organic matter retention and apparent protein digestibility were lower in group R than in RO (P≤0.01). This resulted in a lower metabolizable energy (AME N ) value of diet R (P≤0.01). In both groups the viscosity of jejunal digesta was similar to that in the control and LO groups in Experiment 1, while the pH of ileal digesta was significantly (P≤0.01) lower in group R than in group RO (Table 4) .
Slaughter yield (hot carcass weight relative to LBW) in all groups averaged 73%. After dissection, from 57 to 60% of LBW was qualified as edible parts, from 29 to 33% of LBW as non-edible parts of the carcass, about 5% of LBW were feathers (Table 5 ). The breast muscle and meat yield was lowest in group L (P≤0.05). There were no distinct differences in the chemical composition of parts of the carcass among groups (data not shown), the meat portion contained from 19.5 to 20.1% crude protein and from 7.1 to 8.2% crude fat, skin and abdominal fat from 8.3 to 9.5% crude protein and 50 to 58% crude fat, however, in all parts of the carcass the highest level of crude fat was in L chickens. The content of ash in non-edible parts of the carcass was lower in groups R (4.9%) and L (5.1%) in comparison with 5.5% in the remaining groups (P≤0.05). Total protein retention in a body was significantly (P≤0.05) lower in L, while energy retention was lower (P≤0.05) in group R, in comparison with the remaining groups (Table 5). TABLE 5 Live body weight, g, slaughter yield and retention of protein and energy in a body of 6 week-old chickens Dietary treatment The total dietary crude fat content was similar in all diets (Table 1) , but due to substitution of half of the lard by rapeseed oil in diets RO and R or by linseed oil in diets LO and L, the content of SFA decreased, while the content of α-linolenic acid increased and the ratio of n-6/n-3 PUFA decreased substantially in comparison with the control diet. The fatty acid profile in Finisher diets was similar as in Starter diets (Table 6 ).
The fatty acid profile was determined in all portions of the carcass, but only that of meat and skin with abdominal fat are shown in Table 7 . The SFA content in lipids of meat, skin with abdominal fat and non-edible parts of carcass ranged from 29% in the control group to about 24 in groups R and RO, and 25-26% in groups LO and L; in the lipids of edible giblets it ranged from 28 to 32%. The share of MUFA in total FA in groups RO and R was similar to the control group, but in groups LO and L it was lower by 7 to 10 percentage points. The share of PUFA was about 16% in the control group, while in groups RO and R it was 6-7, in groups LO and L, 12-14 percentage points higher. The amount of PUFA with chains longer than 18 carbon atoms in lipids of the skin with abdominal fat was negligible, however, small amounts of erucic acid were present in all portions of chickens from groups R and RO. The n-6/n-3 PUFA ratio in edible and non-edible parts of carcass was from 7.3 to 8.3 in the control group, 4.7 to 5.4 in groups RO and R, and 1.1 to 1.6 in groups LO and L. In the lipids of feathers the proportion of SFA was higher (48-52%), MUFA and PUFA lower (30-35 and 10-13%, respectively), than in the remaining parts of the carcass. groups fed diets with : LO -linseed oil; L -linseed ; RO -rapeseed oil; R -rapeseed SFA-total saturated-; MUFA -total monounsaturated-; PUFA -total polyunsaturated fatty acids nd -non detected
In the body of chickens from groups L, LO, R and RO, significantly less SFA and more PUFA were deposited than in chickens from the control group (P≤0.05). Table 8 shows the intake of n-6 and n-3 PUFA and their deposition in whole body and in edible parts of carcass. In the control group the intake of n-3 PUFA was significantly lower in comparison with all of the remaining groups (P≤0.01), the intake of n-6 PUFA was also lower, but the differences among groups were smaller (P≤0.05). In comparison with total intake, 114% of n-3 PUFA and 87% of n-6 PUFA was found in the body of control chickens, the respective values were from 64 to 75% of n-3 PUFA and from 72 to 81% of n-6 PUFA in remaining groups. Linoleic and linolenic acids, respectively, amounted to 83 and 9% of PUFA deposited in the control group, and on average 52 and 44% of PUFA in groups L and LO. The deposition of arachidonic acid (C 20:4n-6 ) was lower, but eicosapentaenoic acid (C 20:5n-3 ), higher in the body of chickens from groups L and LO than in the control group.
DISCUSSION
The chemical composition of linseed and rapeseed used in the current study and its fatty acid profile were within the range of published values for brown-seeded cultivars (Matyka et al., 1992; Korol et al., 1994; Borowiec et al., 2001) . In linseed, PUFA made up over 70% of total FA, the proportion of n-6/n-3 PUFA was 0.28. The mucilage concentration (98 g/kg DM) was higher than the 89 g/kg DM reported by Mazza and Biliaderis (1989) and 75 g/kg DM reported by Rodriguez et al. (2001) . In rapeseed, PUFA made up 30% of total FA, the proportion of n-6/n-3 PUFA was about 2. The level of the main antinutrients, glucosinolates and erucic acid, did not exceed the levels qualifying rapeseed as '00' variety. The amount of glucosinolates in the R diet (1.47 μM/g) did not exceed the limit of 1.5 μM/g permitted in broiler diets (Wałkowski et al., 2000 (Wałkowski et al., -2001 .
The effect of including rapeseed into the diet on BWG and FCR was small and insignificant, which proves that the antinutrients of rapeseed did not disturb any vital function of young birds. There are many reports that levels of full-fat canola or '00' rapeseed reaching 100 or even 150 g/kg diet did not result in a significant decline of BWG and FCR in comparison with a control group (Leeson et al., 1987; Ajuyah et al., 1991; Lee et al., 1991; Kracht et al., 1995; Pietras et al., 2000) , however, higher levels of rapeseed in some of the above reports resulted in performance decline. In contrast, some authors reported that diets containing 100-200 g flaxseed/kg or 50-250 g linseed/kg (Roth-Maier et al., 1998) depressed BWG in broilers. These negative effects may be partly explained by the presence of linatine (pyridoxine antagonist) in the seeds. In our previous study (Nguyen et al., 2001) an additional supplement of pyridoxine (4 mg/kg diet) completely alleviated the Mean intake and deposition in the whole body and in edible parts of carcass of total n-3 PUFA and n-6 PUFA in period from 8-42 day of age, in g and as % of intake Group oil; L -group fed diet with linseed; RO -group fed diet with rapeseed oil; R -group fed diet with rapeseed slight growth depression caused by inclusion 80 g linseed/kg of diet containing 3 mg/pyridoxine, so in the present experiment the diet with linseed was supplemented with pyridoxine to a level of 7 mg/kg, which is double the requirements of broiler chickens according to NRC (1994) . The similar final BWG in group L in comparison with the control and LO groups proved that the other antinutrients of linseed at this dietary level did not disturb any vital functions of the growing chickens. Similarly Pietras et al. (2000) reported that including 60 or 150 g/kg linseed into broiler diets had no negative effect on BWG. However, due to higher feed intake in group L, FCR was worse by 10%, while in group LO, it was 5% better than in the control group. Also Lee et al. (1991) , Olomu and Baracos (1991) and Roth-Maier et al. (1998) reported that diets with linseed depressed FCR due to higher feed intake. It seems that most of the deleterious effect of linseed on feed utilization in chickens may be attributed to water-soluble components containing mucilage. Madhusudhan et al. (1986) showed that after extraction of linseed meal with boiling water and subsequent removal of watersoluble components by centrifugation, the performance of chickens increased substantially and was superior to the control group.
In the present study, due to the inclusion of 80 g linseed/kg diet the viscosity in jejunal digesta increased about three times in comparison with the control group, and depressed organic matter retention and AME N value of diet L, while substitution of half of the lard with linseed oil hardly affected either digesta viscosity or digestibility of nutrients. This confirms that nutrient utilization in diet L was negatively affected by linseed mucilage. The mucilage found in the hull of linseed are heterogenic polysaccharides with functional properties similar to that of gum arabic and their solutions are very viscous (Mazza and Biliaderis, 1987) . Also Rodriguez et al. (2001) reported that on a maize-based diet containing 80 g linseed/kg the viscosity of jejunal digesta was about four times higher than in control chickens, which lowered apparent nitrogen retention, fat digestibility and AME N value of the diet by 5, 13 and 5%, respectively. The viscosity of jejunal digesta in the groups fed diets RO and R was comparable to the values found in the control and LO groups in Experiment 1. However, in group R the apparent protein and fat digestibility and AME N value were lower by 2.5, 11 and 6.4%, respectively, in comparison with group RO. This indicates that fat and protein from rapeseed were not fully available for digestive enzymes of birds. Lowered fat extractability from rapeseed may arise from the presence of some deleterious complexes such as tannins and phytates (Matyka et al., 1992; Korol et al., 1994) , while it seems that in linseed this effect was primarily connected with the high viscosity of dietary fibre.
There are a few reports concerning the effect of linseed or rapeseed on carcass yield. López-Ferrer et al. (2001) reported that replacing tallow by 20 or 40 g/kg of linseed oil had a positive effect on carcass yield. Ajuyah et al. (1991) and Lee et al. (1991) showed that feeding diets containing 100 g canola or flaxseed per kg resulted in similar carcass yield as in the control group, but the breast muscle yield decreased. In the current study, the yield of meat in group L was reduced and the yield of skin with abdominal fat was similar to other groups. The chemical composition of edible and non-edible parts of the carcass differed slightly due to treatment, generally there was more fat in all parts of the body of chickens from group L, followed by the control group. The content of ash in non-edible parts of the carcass, which contained all bones, was significantly lower in group R, followed by group L. This may indicate a negative effect of phytates of both oilseeds on bone mineralization in chickens.
Total dietary crude fat content was similar in all diets. Erucic acid made up on average 0.54% of total FA in R and RO diets. The fatty acid profile of lipids in all parts of the broiler carcass reflected the composition of the dietary fat. The extent of changes was not affected by the form of fat inclusion into diet, i.e. as a component of full-fat seeds or as extracted oil. In spite of the rather large difference in SFA and MUFA content in diets, MUFA dominated in fat from different parts of the body in all groups, followed by SFA, which agrees well with other reports (Ajuyah et al., 1991; Pietras et al., 2000; Barteczko and Borowiec, 2001 ). In agreement with previous findings, oleic acid dominated among MUFA and palmitic acid dominated among SFA, followed by stearic acid. It is interesting that the degree of saturation of feather lipids (although their contribution to body fat was negligible) was much higher than in the body, due to a much higher content of stearic acid.
In the majority of research evaluating the effect of oilseeds, the FA profiles of breast, leg and adipose tissue (Barteczko and Borowiec, 2001) or even some defined breast and leg muscles without intramuscular fat (Olomu and Baracos, 1991) of chickens were compared, making it impossible to directly compare the FA profiles of samples prepared in this study according to a different methodology. However, our results support previous findings that in muscle lipids, the share of PUFA is greater than in lipids of abdominal fat. PUFA are preferentially incorporated into phospholipids, and the proportion of phospholipids in muscle lipids is higher than in lipids of adipose tissue (Van Elswyk, 1997) .
The portion of the carcass designated in the study as meat, which made up from 42 to 45% of LBW, represented the most valued "lean" portion of the chicken carcass, but also contained intracellular and intramuscular fat. In comparison with control group, feeding diets with rapeseed or linseed oil reduced total SFA and raised the level of PUFA, particularly α-linolenic acid in all parts of the carcass, in groups R and RO the level of PUFA was less elevated than in groups L and LO. The extent of changes was not affected by the form of introduction of fat into diet, i.e. as a component of full-fat seeds or as linseed oil. The greatest difference was in the proportion of n-6/n-3 PUFA, which in L and LO birds was 1.2-1.4, in R and RO birds about 4.7, while in control birds about 10. These results are quite consistent with previous reports (Ajuyah et al., 1991; Olomu and Baracos, 1991; Roth-Maier et al., 1998; Pietras et al., 2000; López-Ferrer et al., 2001) . A ratio of n-6/n-3 PUFA no higher than 4:1 is recommended in human diets for the prevention of cardiovascular diseases (Van Elswyk, 1997) . The n-6/n-3 PUFA ratio in meat of broiler chickens fed with rapeseed, linseed or respective oils would therefore appear to be more desirable for humans.
The fatty acid proportions in lipids of skin with subcutaneous and abdominal fat, which made up about 40% of total body fat, were similar as in meat. However, there were less PUFA with chains longer than 18 carbon atoms in this portion of the carcass than in meat, similarly as in reports by Ajuyah et al. (1991) , Olomu and Baracos (1991) and López-Ferrer et al. (2001) . In edible giblets and in non-edible parts of the carcass the trend and degree of changes of FA profile due to treatment were also similar as in meat.
It is interesting to compare the retention of n-6 and n-3 PUFA in chicken bodies, as both linoleic and α-linolenic acid are not synthesised by birds. Birds in the control group, which received on average only 4.8 g of n-3 PUFA in the feed, retained 5.5 g of n-3 PUFA in the body, which may indicate a small extent of synthesis, while in R and RO groups, which received about 17.5 g, and in groups L and LO, which received on average 64 g of n-3 PUFA in the feed, the retention of n-3 PUFA averaged about 70%. The intake of n-6 PUFA ranged from 58 in the control group to 81 g in group R, while the retention of these FA averaged 77% in groups fed diets with plant oils, in comparison with 87% in the control group. As a result, edible parts of chickens fed the diet with lard contained similar amounts of n-6 PUFA, but significantly less n-3 PUFA and had higher n-6/n-3 PUFA ratio, than birds fed diets with rapeseed and linseed oil or respective full-fat seeds. In general about 50% of PUFA consumed with diets containing both plant oils was found in edible parts of 6-week-old chickens.
CONCLUSIONS
Feeding a diet with 80 g linseed/kg, fortified additionally with pyridoxine, does not affect growth rate, but may worsen feed utilization and may slightly decrease the yield of meat, while linseed oil does not negatively affect the performance or slaughter yield of chickens. The diet containing 100 g rapeseed per kg of diet is well tolerated by broiler chickens and may not negatively affect their performance. Edible parts of broilers fed diets with rapeseed or its oil and linseed or its oil contained more n-3 PUFA and had a lower n-6/n-3 PUFA ratio than edible parts of chickens fed a diet supplemented only with animal fat. This shift may be considered as positive for consumers of broiler meat, as an increase of n-3 fatty acid intake is connected with health benefits in humans.
